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Description 

[0001] The present invention refers to an apparatus 
and a procedure for measuring volumes and global and 
segmental corporal composition, such as the ratio be- 5 
tween intracellular and extracellular water, as well as the 
ratio between lean mass and fatty mass in human be- 
ings. 

[0002] The measuring equipments currently in ex- 
istance in the Market, do not offer regional or segmental 10 
measurements of the human body, thus enormously lim- 
iting the information obtained. 

[0003] Spanish Patent Application ES 9300378 de- 
scribes a procedure for the determination of the compo- 
sition of substances of fleshy nature by means of imped- 15 
ance measurements, but which only uses two measure- 
ments determining from them, a value related to the ratio 
between intracellular water and extracellular water and 
in consequence, the errors obtained are great. Addition- 
ally, said procedure is not capable of extracting any in- 20 
formation on the composition of fat in the flesh studied. 
[0004] US-A-5,335,667 discloses a method and ap- 
paratus for determining body composition using bioe- 
lectrical impedance. The method is based on the selec- 
tion of a number of body segments having an uniform 25 
cross-sectional area, the injection of a single high-fre- 
quency low level of current into the body bilaterally using 
four electrodes simultaneously attached to the subject, 
and the measurement of the impedance at said single 
frequency of each body segments. 30 
[0005] US-A-5,579,792 discloses a portable device 
and a method for measuring the amount of fat in a body. 
The method is based on a separate estimation of the 
subcutaneous and the visceral fat by measurements of 
the body impedance upon injecting alternately and sep- 35 
arately two different constant current high-frequency 
signals. 

[0006] A multitude of equations exist which relate the 
volume content and the corporal composition, all of 
which introduce errors which may become important 40 
and prevent the measurement of significant changes in 
the body, both in volume and in composition, if used with 
a very reduced number of experimental data, as hap- 
pens in the procedure described in document ES 
9300378. 45 
[0007] Consequently, the object of the present inven- 
tion is to provide a procedure and a measuring appara- 
tus which determine in a more reliable manner, the glo- 
bal and segmental corporal composition, especially the 
ratios between the volumes of intracellular water and ex- 50 
tracellular water, as well as the ratio between fatty mass 
and lean mass of the body under research. 
[0008] This task is solved by means of the procedure 
and the apparatus of the present invention, which per- 
mits the measurement of the volume and the corporal 55 
composition, both globally and segmentally, by means 
of a series of measurements of the electrical impedance 
at various frequencies, at least four, in the range of 1 



kHz to 1 MHz. With the values obtained, first a param- 
eter K is calculated, given by the quotient between the 
impedance module Z(BF) at a low frequency, between 
1 kHz and 50 kHz, and the impedance module Z(AF) at 
a frequency between 1 00 kHz and 1 MHz, which serves 
as an estimation of the ratio between the volumes of in- 
tracellular water and extracellular water. This value is 
independent from the contour conditions of the meas- 
urement. The experimental values are herewith adjust- 
ed, both at global level and at segmental level with the 
function: 



Z(f) = R ao + 



by means of the least squares from which the adjust- 
ment parameters R TO , R 0 , f c and a are determined, which 
represent the resistance at infinite frequency, the resist- 
ance at zero frequency, the frequency at which the max- 
imum of lm(Z) occurs and the dispersion of the cells size 
of the biological system, respectively. Parting from these 
adjustment parameters the following values are calcu- 
lated: 

a) E, defined by : 



E(%) = 



which reflects the ratio between the volumes of in- 
tracellular water and extracelllar water; 

b) the total water content of a segment i(TBW seg 1 ), 
given by: 



TBW seg.i= k °TBW s 



K TBW ' ' L st 

Real[Z(o°)] 



and the content of a segment i in extracellular water 
(ECW seg 1) which is determined by: 



ECW seg,i= ko ECW mi + 



K ECW 0h ? 0l - ,2 seg,i 

'seg,i ' rea([Z(\0KHz)] 



h being the height of the body in cm, K TBW a pro- 
portionality constant for the total water (TBW) and 
K ECW proportionality constant for the extracellular 
water, ko TBWseg j the independent term of segment 
i, ko ECWseg j is for extracellular water (ECW) for seg- 
ment i, L seg j and L' seg j geometric terms to be de- 
termined for each segment; corresponding the real 
value [Z(oo)j at the real value of an impedance over 
1 00 kHz and less at 1 MHz for segment i, but pref- 
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erably at Roo, and the real value [Z(1 0 kHz)] at the 
real value of an impedance over 10 kHz and below 
50 kHz for segment i, but preferably at R 0 ; 

[0009] The obtention of the coefficients is conducted 
as follows: 

1 . - having a stadistically significant sample of sub- 
jects, the volumes of the total and the global and 
segmental extracellular water are measured by 
means of different methods to those presented in 
this patent. 

2. - adjusting by lineal regression of least squares 
between the total and extracellular global volumes 
and the ratios: 



H 2 



Re[Z(0)] 



10 



15 



20 



L 'seg,i and L seg,i include geometric information with- 
in the determination formulas of volumes. 



c) the contents of segment i in intracellular wa- 
ter which is determined by means of the sub- 
traction of ECW seg j from TBW seg j 

d) of the total and extracellular water at global 
level which is determined by the sum of the re- 
spective values of segments i 

e) the segmental or regional lean mass content 
MM seg1 and the global by means of equation. 



Df_ seg.i 

; = Lean Mass = N + M 



N and M being terms which are introduced form 
the lineal regression between relation 



and 



H 2 



Re[Z(~)] 

respectively, (where Z is the right side impedance, 
that is to say, that of the right arm and leg plus that 
of the trunk measure in series at one time) slopes 
K ECW and K TBW are respectively obtained. 
3.- adjusting by lineal regression of the least 
squares among the ratio: 



hi 2 • K 



TBW 



Re[Z(~)] 



(where Z is segmental) and the segmental total wa- 
ter measured, a slope L 2 seg j is obtained for each i 
segment, and an independent term ko TBWseg j for 
each segment. 

4.- adjusting by lineal regression of least squares 
between the ratio: 



L -fr'.H 2 . K t 



ECW 



Re[Z(0)] 

(where Z is segmental) and. the segmental extra- 
cellular water measured with another method, a 
slope is obtained for each segment and an inde- 
pendent term ko ECWseg j for each segment i. 
5.- next an extracellular water formula L 2 seg ^ is re- 
placed by 



. ,2 _ .2 
L segj ~ *Pi ' L seg,i> 



25 



30 



35 



40 



45 



50 



55 



D eq ,seg f i 
Re[Z(<~)] 

and the average lean mass value by means of 
an alternative method and which shall depend 
on the type of human race, and D 2 eq seg v a ge- 
ometric parameter of segment i, obtaining the 
global value of the amount of lean mass and 
the sum of all the MM seg i values and the global 
fatty mass of the difference between the weight 
of the human body studied and the weight of 
the amount of global lean matter. 

[0010] Additionally the task of this invention is solved 
because the previously described procedure is conduct- 
ed by means of a measuring apparatus which consists 
of a rear connection board (backplane) which intercon- 
nects four boards and an electric source, said boards 
consisting of a signal generator board which generates 
two or more selectionable frequencies as well as refer- 
ence signals forthe demodulation, in an interface board 
with the user who converts the tension signals generat- 
ed into current, into a board for signal detection (signal 
detection board) which is made up of a differential am- 
plifier and a gain amplifier with selectionable gain by 
means of software, into an A/D obtention board which 
is provided with a A/D converter of preferably 1 6 bits for 
sampling for data obtention. 

[001 1 ] The electrical source is connected to the body 
under study by means of a multiplexor which permits 
any electrodecoupleto be connected to the said source, 
connecting each one of the electrodes to an in-put buffer 
whilst each one of their out-puts is connected to a mul- 
tiplexor circuit. This multiplexor feeds a differential am- 
plifier, by means of shielded coaxial cables. The control 
of the system is conducted by means of a microcontrol- 
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ler. 

[0012] The procedure and the apparatus of the 
present invention is herewith described by means of an 
embodiment example, with the help of the drawings in 
which: 

Figure 1 shows a spectrum of the electrical imped- 
ance module based on frequency f; 
Figure 2 shows a schematic diagram of connections 
corresponding to the electrical constelation of a 
body. 

Figure 3 shows two spectra of the complex imped- 
ance based on the frequency. 
Figure 4 shows an embodiment example of the 
measuring apparatus according to the invention. 
Figure 5 shows the block diagram of the apparatus 
of figure 4. 

Figure 6 shows the interconnections between the 
diverse boards, and 

Figure 7 shows the zones of the body in which the 
electrodes are placed. 

[0013] The apparatus and the procedure, which are 
the object of the invention, are based on the study of a 
physical phenomenon which is denominated relaxation 
in the electrical impedance signal. This phenomenon is 
explained in total detail by K.Forsterand H.Schwan, "Di- 
electric Properties of Tissues and Biological Materials: 
A Crucial Review" in Critical Reviews in Biomedical En- 
gineering, volume 1 7, part 1 (1 989). This relaxation con- 
sist of a fall in the electrical impedance value with the 
electrical signal frequency used to measure the same 
in any medium whatsoever. The electrical impedance of 
a medium is broken up into a real part and another im- 
aginary part. The real part is what is commonly known 
as electric resistance and the imaginary part, in the case 
of biological tissues, corresponds to the electric capacity 
of the medium in question. The relaxation phenomenon 
has its explanation in the absorption of electromagnetic 
energy. A simple electric model is accepted by convic- 
tion where the capacitance character of the cellular 
membrane produces said absorption of energy (figure 
2). The resistance of the extracellular medium is mod- 
elled by a R e resistance and the intracellular medium 
resistance is modelled by another Rj resistance. The ca- 
pacity of the cellular membrane is modelled by a C ca- 
pacitor. When the Z electric impedance is measured 
based on the f frequency in a circuit such as the one 
presented in figure 2, a graph is obtained such as the 
one presented in figure 1 . If the injected signal is of high 
frequency, an electric impedance is obtained which is 
equal to the parallel of the two resistances of the circuit 
and if it is of low frequency, it is equal to the extracellular 
R e resistance. 

[0014] The frequency at which the fall of the imped- 
ance is presented depends on the type of cell as an av- 
erage of the measured biological system. The animal 
cells, for example, have a relaxation frequency below 



that of bacteria. In consequence, the measurement of 
the electric impedance at various frequencies by the ap- 
paratus of the present invention permits a determination 
of the type of average cell existing in the human body 

5 or region of the latter which is being measured. 

[0015] Figure 3 presents a form of representing the 
impedance of a biological system (a curve corresponds 
to a segment and the other to the impedance of the right 
hand side), that is to say, the imaginary part of the im- 

10 pedance based on the real part. In said drawing, the im- 
pedance of a biological system can be seen to draw a 
flat half-circumference. This graph is well known and is 
denominated Cole-cole graph. The cut frequency may 
be seen as the point where the complex part of the im- 

15 pedance presents the highest value. The flattening of 
the half-circumference is related to a parameter called 
a. Othertwo parameters are R 0 and R~> and obtains the 
value of the real part of the impedance in direct current 
and at very high frequency (over 1 MHz) by means of 

20 the extrapolation of the adjustment without requiring to 
measure it. That is to say, four parameters are available 
which describe the human body or region of the latter 
which is measured: resistance in direct current R 0 , re- 
sistance at very high frequency Roo, cut frequency F c 

25 and flattening value of the half-circumference a. 

[0016] In the procedure of the present invention, the 
composition of the researched body is obtained, parting 
from said 4 parameters. 

30 1 ) Measurement of the electrical impedance with a 
frequency scan of 1 kHz at 10 MHz to obtain the 
graph of figure 1 . Four measuring points in the said 
range is the minimum number of measurements re- 
quired for reproducing the curves of figures 1 and 
35 3. The measurement is conducted by injecting an 
electric current of determined frequency through 
two electrodes connected to the skin and measur- 
ing the fall of the current tension applied through the 
other two electrodes, also connected to the skin. 
40 This is the base of the impedance measurement at 
four wires which is very resistant to the influence of 
the electrode impedance. This measurement of im- 
pedance is conducted with currents of various fre- 
quencies until a minimum of 4 points of frequency 
45 are obtained in the range of 1 kHz to 1 MHz and this 
is repeated for each segment i. 
2) On the body, 11 electrodes may be placed with 
the apparatus which is the object of the invention. 
Grouping said electrodes in 4's, up to 7 segments 
50 or human regions are obtained. The distribution of 
regions which are given in default in the measuring 
apparatus is the result of placing the 11 electrodes 
according to figure 7. This placement of electrodes 
permits the measurement of the impedance at var- 
55 ious frequencies according to the process of point 
1 for the following segments: head and neck, right 
arm, left arm, thorax, abdomen, right leg and left leg. 
Other distributions of regions is possible and it only 
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requires the distribution in 4's of the 11 electrodes 
until 7 segments are made. The measuring appa- 
ratus permits the selection of injecting electrodes 
and tensiometers. This permits any type of elec- 
trode to be injector or measurer. 
3) Obtention of an assembly of experimental data 
on electrical impedance at frequencies of 1 kHz to 
1 MHz, regional and global of the human body. 

[0017] Parting from this point, the procedure, accord- 
ing to the present invention, processes this assembly of 
data in different ways to obtain a set of information which 
will permit to know the volumes and corporal composi- 
tion of the human body measured. 
[001 8] The first stage of the procedure is the obtention 
of parameter K. It is a first simple calculation to be con- 
ducted by the meeasurerto permit the ratio between the 
total water and the extracellular water volumes in the 
body being studied and is conducted as follows: 

1) K is obtained by the quotient of an impedance 
value at low frequency (between 1 kHz and 50 kHz) 
and one at high frequency (over 100 kHz up to 1 
MHz) : 



K = 



\Z(BF)\ 
\Z(AF)\ 



where IZ(AF)I and IZ(BF)I are the values of the 
module of the electrical impedance at high and low 
frequency respectively 

2) This ratio is associated to the ratio of volumes of 
the extracellular water of the total water of the body. 
This ratio is conducted both at global and at seg- 
mental level. 

[001 9] The second stage corresponds to a more com- 
plete study of the obtained data. This study consists of 
the adjustment of the Cole-cole model to the data by 
means of the following steps: 



10 



15 



20 



25 



30 



35 



duced and depends on the type of cell measured in 
the biological system; and a is a parameter which 
is related to the dispersion of dimensions of the cells 
of the measured biological system. The expression 
of this point 1 reproduces the curve of figure 3 which 
would be obtained if a great amount of points were 
measured. 

2) Parting from the first two adjustment parameters 
found (R 0 and R<~) we obtain a value called E which 
gives the relation between the intracellular water 
and the extracellular water volumes: 



E(%) : 



R 0 -R~ 



15 



The impedance measured may be modelled as 
the previously described circuit which is presented 
in figure 2. The ratios between the parameters of 
circuit (R e and Rj) with that of the mathematical 
model are as follows: 



Re — Ro 

Ro.Rn 



25 



Ro-R™ 



40 



3) The series of parameters obtained from the ad- 
justment are associated to characteristics of com- 
position of the body at global and segmental level: 

a) Ratios of E, which give an idea of the ratio 
between volumes of extracellular and intracel- 
lular water. 

b) Cut frequency (f c ), and 

c) flattening of the curve presented in figure 3 
(a). 



1) The electrical impedance measurements result- 
ing from the scanning in frequency (at least four 
measurements of 1 kHz to 1 MHz) and at global and 
segmental level are adjusted by the function: 



Z(f)= Roo + 



by means of an adjustment of least squares. This 
function simulates the dependence of the electrical 
impedance (Z) as regards frequency f. The adjust- 
ment parameters R 0 and R°o are the resistances 
which present the medium in direct current and at 
very high frequency respectively, f c is the frequency 
at which the maximum of the imaginary part is pro- 



45 



[0020] The third stage will offer information on the cor- 
poral volumes and will permit the studying of its chang- 
es. This procedure uses the impedance at 10 Khz and 
at a greater frequency than 100 kHz or else parameters 
R 0 and R<» obtained by the previous stage. The steps 
to be followed are : 



50 



55 



1 



The necessary values are parameters R 0 and 



Roo. These parameters are introduced in the follow- 
ing formulas to determine the volume of total water 
and extracellular water: 



TBW, 



seg,i 



: ko TBWseg,i + 



real[Z(<~)f 



5 
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ECW, 



seg.i 



K ECW h ^'^ oni 
. Lm -i seg -' 

KU ECWSeg,i + rea l[Z(1 OkHz)] 



20 



where TBW seg j is the content of segment i i in total 
water and ECW seg j the content of segment i in 
extracellular water, H is the height of the body in cm, 
K TBW is proportionality constant for the total water 
(TBW) and K ECW for the extracellular water, 
ko TBWseg j is the independentterm forthe total water 
equation (TBW) of segment i, and ko ECWsegj forthe 
extracellular water (ECW) of segment i. L seg j and 
L' segj are geometric terms to be determined for 
each segment i. The obtention of the coefficients is 
conducted in the following manner: 

a) with a stadistically significant sample of sub- 
jects, the volumes of total and global and seg- 
mental extracellular water are measured by 
means of methods other than those which are 
presented in this Patent. 

b) Adjusting by lineal regression of least 
squares between the total and extracellular glo- 
bal volumes and the ratios: 



Re[Z(0)] 



and 



H 2 



Re[Z(o°)] 



respectively, where Z is the right hand side im- 
pedance, that is to say, that of the right arm and 
leg plus that of the trunk, the slopes K ECW and 
K TBW are respectively obtained, 
c) adjusting by lineal regression of the least 
squares between the ratios; 



hi 2 - K 



TBW 



Re[R(~)] 



20 



(where Z is segmental) and the segmental total 
water measured, a slope L 2 seg j is obtained for 
each segment i i and an independent term 
ko TBW seg j for each segmenti i 
d) adjusting by lineal regression of the least 
squares between the ratios: 



L 2 •hi 2 • k, 



ECW 



Re[Z(0)] 

(where Z is segmental) and the segmental ex- 
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tracellular water measured by means of anoth- 
er method, a slope is obtained for each seg- 
ment i and an independent term ko ECW seg j for 
each segment i. 

e) a change is conducted on formula L 2 seg j of 
extracellular water by 



seg, i 



seg.i' 



L,2 seg,i and L seg.i include geometric information 
within the formulas for volume determination. 

These equations provide the value of the total 
water and of the extracellular water for segment i. 
The real value [Z(oo)j corresponds to R^ or to the 
real value of an impedance overl 00 kHz and below 
1 MHz for segment i; and the real value [Z(1 0kHz)] 
corresponds to R 0 or to the real value of a superior 
impedance at 1 0 kHZand below50 kHzforsegment 
i. 

Parameters K TBW , K ECW , ko seg i , ko seg h de- 
pend on the race the human body belongs to and 
are adjusted by means of calibration. Values ko seg h 
ko seg j additionally depend on the segment in ques- 
tion. Values L eq and L' eq provide geometric informa- 
tion of the segment in question. 

2) The values of the total water and of the extracel- 
lular water are obtained according to the given for- 
mulas. The segments in question may be, for ex- 
ample; head and neck, thorax, abdomen, legs and 
arms, and are obtained with the distribution of elec- 
trodes (Oto 1 0) of figure 7. For other segments, new 
values of ko seg h ko seg j and L eq shall be adjusted. 
The values of the intracellular water volume is ob- 
tained from the subtraction of the volume of extra- 
cellular water of the total water volume. 

3) The value of the volume of total and extracellular 
water for all the body, that is to say, at global level, 
is calculated as the sum of all the segments i men- 
tioned in point 4 (for example, head and neck, right 
leg, left leg, thorax, abdomen, right arm and left 
arm). The global values may also be obtained using 
the RSI (Right Side Impedance (impedance of the 
right side) which is constituted by the right leg and 
arm plus trunk, as if it were a segment, conveniently 
considering the specific parameters of the formula 
for this segment. Said impedance of the right side 
is extensively described in: Kushner R.F., and Sch- 
oeller D.A., "Estimation of Total Body Water by Bio- 
electrical Impedance Analysis", Am.. J.Clin. Nutr. 
44, 41 7-424 (1 986). The global value of the intrac- 
ellular water volume is obtained by the substraction 
of the extracellular water volume from the total wa- 
ter volume. 

[0021] The global values of the water volume calcu- 
lated according to the third stage produce according to 
the same, much more exact values than those using the 
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RSI according to the formulas in compliance with the 
state of the art. 

[0022] The fourth stage to be conducted provides in- 
formation on the content of the lean mass both segmen- 
tal and global. Said stage follows the next steps: 

1) Using the resistance value at high frequency 
(equal or over 100 kHz) for the obtention of the 
amount of fat which is presented according to the 
following expression: 

D 2 

MM segJ = Lean Mass = N + M ^gp^ 

30 

N and M being terms which are introudced from the 
lineal regression between the ratio. 

L 2 

eq.seg.i 

Re[Z(~)] 

and the value of lean mass measured by means of 
an alternative method and which depends on the 
type of human race, and D 2 eq seg h a geometric pa- 
rameter of segment i, obtaining the global value of 
the amount of lean mass from the sum of all the 
MM seg j and the amount of global fatty mass of the 
difference between the weight of the human body 
studied and the weight of the amount of global lean 
matter. 

2) The value of the amount of global lean matter of 
the body shall be obtained from the sum of all the 
amount of segmental or regional lean matter. 

3) The value of the amount of global fat shall be ob- 
tained by substracting from the weight of the human 
body studied, the amount of global lean matter ob- 
tained by the sum of all the amount of segmental 
lean matter. 

[0023] All the stages may also be used for measuring 
the quantity of segmental lean matter from any region 
which is defined outside those previously indicated 
(head and neck, right leg, left leg, right arm, left arm, 
thorax and abdomen). Using only two pairs of electrodes 
from the system, any anatomical region of measure- 
ment may be defined. 

[0024] These four stages use the electrical imped- 
ance values, both real part and imaginary part, meas- 
ured within a frequency range between 1 kHz and 1 
MHz. 

[0025] The apparatus which is also th object of this 
invention, is a measuring apparatus of electrical imped- 
ance at various frequencies. This impedance measuring 
aparatus measures both the real part and the imaginary 
part at eight frequencies selected by the user. These 



eight frequencies may go from 1 1 kHz to 1 MHz. The 
measuring apparatus is made up of a computer (11) 
which controls an electronic box (12), fed through the 
feeding source (14) coming out from said electronic box 

5 (12), in a preferred manner, eleven electrodes (13) 
which are placed, for example, as shown in figure 7. Fig- 
ure 4 presents the concept of the system. 
[0026] As may be observed in figure 7, four electrodes 
(2, 3, 9, 1 0) are placed at the ends of the forearm, four 

10 at the ends of the legs (5, 6, 7, 8), two (0,1) on the fore- 
head and one (4) on the point of the breastbone. These 
electrodes are used as injectors and/or detectors for 
measuring all the segments which make up the body 
and which have been previously indicated. Other com- 

15 binations of electrodes may be chosen to create other 
regions which shall not necessarily be such, that will 
give, after summing them up, the totality of the human 
body. 

[0027] The measuring apparatus which is the object 

20 of the present invention, is designed according to a 
block diagram such as the one presented in figure 5. 
The apparatus is formed by a rear connection board, 
(backplane) (15) which interconnects four boards (16, 
17, 18, 19) and an electric source (20). The board (1 6) 

25 of the generator for the signal (signal generator) gener- 
ates two selected frequencies and reference signals for 
demodulation. The board (17) for interface with the user 
(patient interface) converts the generated tension sig- 
nals into current, the board (1 8) for detection of the sig- 

30 nal is made up of a differential amplifier and gain ampli- 
fier with selected gains via software. Then, the signal is 
demodulated, using four analogical multipliers and four 
integrators, the board (1 9) for A/D obtention is provided 
with an A/D convertor of preferably 1 6 bits for sampling, 

35 for the obtention of data. The control of the system is 
conducted by a microcontroller. The microcontroller 
sends orders to the other boards of the system. 
[0028] The electrical source (20) is connected to the 
body under study through a multiplexor which permits 

40 any pair of electrodes to connect to the said source. 
Each one of the eleven electrodes (Oto 10) are connect- 
ed to an in-put buffer using shielded coaxial cables (21). 
Each out-put of the buffer is connected to a multiplexor 
circuit which feeds a differential amplifier. Five buffers 

45 are available plus those to which internal calibration im- 
pedances are connected. 

[0029] The interconnections between the board (19) 
for A/D obtention, the board (18) for signal detection, 
the board (1 6) of the signal generator and the front end 
50 (1 7) are presented in figure 6. 

[0030] With this measurer and the procedure previ- 
ously presented, a highly reliable tool is available for the 
measurement of the amount of fluids and corporal com- 
position. 

55 [0031] Adding an accelerometer to this measurer 
which is the object of the invention, another additional 
application may be conducted for the use of the electri- 
cal impedance to various frequencies for the follow-up 
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of fluid displacement in the human body. This applica- 
tion consists of the follow-up of corporal fluid displace- 
ments in a human being when subjected to different ac- 
celerations other than those accelerations produced by 
the terrestial gravitational fields. In consequence, the 
following measuring apparatus is proposed as addition- 
al object of the invention. This systemm consists of an 
apparatus such as the one previously presented with an 
incorporated accelerometer. The electrical impedance 
and the acceleration measurements are synchronized. 
The electrodes may be reduced in this case to those 
which offer the following segments: head and neck, right 
or left leg, right or left arm, thorax and abdomen. The 
electrodes are reduced in the latter case to 7 which is 
according to the numbering of figure 7: (0, 1 , 4, 2) and 
(3) (or 9 and 1 0), (5) and (6) (or 7 and 8). The reduction 
of electrodes may be assumed considering that the 
changes shall be symetrical in the human body under 
study. 

[0032] This latter apparatus, fruit of the extension of 
the first presented, is a tool of great utility for the follow- 
up of the movement of fluids between the corporal re- 
gions during centrifuge pilot training and during military 
flights, for the control of anti-g suits. 



Claims 

1. Procedure for the measuring of volumes and global 
and segmental corporal composition in human be- 
ings, by means of measuring the electrical imped- 
ance at various frequencies, at least four, in the 
range comprised between 1 kHz to 1 MHz, in which 
a first estimation is conducted of the ratio between 
the total water and the extracellular water volumes 
by means of the k quotient between the impedance 
module at low frequency Z(BF), placed between 1 
kHz and 50 kHz, and the impedance module at high 
frequency Z(AF), placed between 100 kHz to 10 
MHz, said value k being independent from the con- 
ditions of the measurement contour, characterized 
in that an adjustment is made at the experimetal 
points by means of the least squares method, both 
at global and segmental level, by means of the fol- 
lowing electrical impedance expression (Z) based 
on the frequency (f); 



Z(f) = fl M + 



1 



. A 1 " a 



<'rj 



25 
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a) the ratio between the intracellular water and 
the extracellular water volumes, given by; 



E = 



R 0 -R» 



b) the total water content of a segment i 
(TBW seg i ), given by: 



TBW CI 



li- k °TBW seg + 



K TBW ' H 2 " 



-seg.i 



Real[Z(oo)] 



and the content of a segment i in extracellular 
water (ECW seg j) which is determined by: 



g,i ~ ko ECW t 



.2 

seg.i 



segj reaf[Z( 10 KHz)] 



H being the height of the body in cm, K TBW a 
constant of proportionality for the total water 
(TBW) and K ECW a constant of proportionality 
for the extracellular water, Ko TB wseg,i tne in ~ 
dependent term for segment i, Ko ECW seg h for 
the extracellular water (ECW) for segment i, 
L seg j and L 1 seg i are geometric terms to be de- 
termined for each segment i; corresponding the 
real value [Z (<~)] to the real value of an imped- 
ance over 1 00 kHz. and below 1 MHz for seg- 
ment i, but preferably at Roo, and the real value 
[Z(1 0 kHz)] the real value of an impedance over 
1 0 kHz and below 50 kHz for segment i but pref- 
erably at R 0 ; 

c) the content of segment i in intracellular water 
which is determined by means of the subtrac- 
tion of ECW seg j from TBW seg j. 

d) the volume of total and extracellular water at 
global level which shall be determined by the 
sum of the respective values of segments i 

e) the content of the segmental or regional 
MM seg j and global lean mass by means of the 
equation 



MM sea i = Lean Mass = N + M 

seg,' R(AF) 



N and M being terms which are introduced from 
the lineal regression between the ratio: 



thus determining the values R^, R 0 , f c and a, which 
present the resistance at infinite frequency, the re- 
sistance at zero frequency, the frequency at which 55 
the maximum of lm(Z) occurrs and the dispersion 
of the cells of the biological system, respectively, 
with which the the following values are calculated: 



seg.i m q 

Re[Z(~)] 

and the value of the amount of lean mass meas- 
ured by means of an alternative method and 
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which depend on the type of human race, and 
D 2 eq seg h a geometric parameter of segment i, 
obtaining the global value of the amount of lean 
mass from the sum of all the values MM seg i and 
the global fatty mass from the difference be- 5 
tween the weight of the human body studied 
andtheweightofthe amount of global lean mat- 
ter. 

2. Procedure according to claim 1 , characterized in 10 

that the volumen of total and extracellular water at 
global level is determined using the RSI (right side 
impedance) as if it were a segment conveniently 
considering the specific parameters of theTBWand 
ECW formulas. is 

3. Apparatus for measuring the electrical impedance 
at various frequencies for the embodiment of the 
procedure according to the previous claims, char- 
acterized in that it consists of a backplane (15) 20 
which interconnects: an electrical source (20); a sig- 
nal generator board (16) which generates at least 
two frequencies selected as well as reference sig- 
nals for the demodulation; a board for patient inter- 
face (1 7) which converts the tension signals gener- 25 
ated into current, a detection signal board (18) 
which is made up of a differential amplifier and a 
gain amplifier with selectable gains via software; an 
A/D obtention board (19) which is provided with an 
A/D convertor of 1 6 bits for sampling for data obten- 30 
tion; the current source (20) being connected to the 
body under study by means of a multiplexor which 
permits any pair of electrodes to be connected to 

the said source, connecting each one of the elec- 
trodes to an in-put buffer, whilst each one of their 35 
out-puts is connected to a multiplexor circuit which 
feeds a differential amplifier, by means of shielded 
coaxial cables; conducting the control of the system 
by means of a microcontroller. 

40 

4. Apparatus according to claim 3, characterized in 

that it is provided with an accelerometer which pro- 
vides the acceleration measurement to which the 
body has been subjected to, in a synchronized man- 
ner with the impedance measure. 45 



schen dem Impedanzmodul bei niedriger Frequenz 
Z(BF), die zwischen 1 kHz und 50 kHz festgelegt 
ist, und dem Impedanzmodul bei hoher Frequenz Z 
(AF), die zwischen 100 kHz bis 10 MHz festgelegt 
ist, durchgefuhrt wird, wobei der k-Wert unabhangig 
von den Bedingungen der Messungsoberflache ist, 
dadurch gekennzeichnet, dass bei den Experi- 
mentierpunkten, mittels der Methode der kleinsten 
Quadratabweichung, eine Anpassung, sowohl fur 
den Gesamtbereich als auch fur den Segmentbe- 
reich, mittels derfolgenden elektrischen Impedanz- 
funktion (Z) basierend auf der Frequenz (f) durch- 
gefuhrt wird; 

wobei auf diese Weise die Werte R^, R 0 , f c und a 
bestimmt werden, die den Widerstand bei unendli- 
cher Frequenz, den Widerstand gegen Null Fre- 
quenz, die Frequenz, bei der das Maximum von Im 
(Z) eintritt, und die Streuung derZellen des biologi- 
schen Systems darstellen, beziehungsweise, mit 
denen die folgenden Werte berechnet werden: 

a) das Verhaltnis zwischen den intrazellularen 
und den extrazellularen Wasservolumen, ge- 
geben durch: 




b) der gesamte Wassergehalt eines Segmen- 
tes i (TBW seg j), gegeben durch: 

™segj = k °TBW seg)i + Real^-)]^'' 

und der Gehalt eines Segmentes i an extrazel- 
lularem Wasser (ECW seg j), das bestimmt ist 
durch: 



Patentanspruche 

1. Verfahren zum Messen von Volumen und von glo- 50 
baler und segmentformiger, korperlicher Zusam- 
mensetzung in menschlichen Wesen, durch Mes- 
sung der elektrischen Impedanz bei verschiedenen 
Frequenzen, mindestens vier, in dem Bereich, der 
zwischen 1 kHz und 1 MHz liegt, indem eine erste 55 
Schatzung des Verhaltnisses zwischen dem ge- 
samten Wasservolumen und dem extrazellularen 
Wasservolumen, mittels des k-Quotienten zwi- 



ECW seg,i = k °ECW segi + rea/[Z(1 0 KHz)] 

wobei H die Hone des Korpers in cm, K TBW eine 
Konstante der Proportionality fur das gesamte 
Wasser (TBW) und K ECW eine Konstante der 
Proportionalitat fur das extrazellulare Wasser 
ist, Ko TBWseg, i fur Segment i, Ko EC wseg, i fur 
das extrazellulare Wasser (ECW) fur Segment 
i die unabhangigen Terme, L seg j und L' seg j 
geometrische Terme sind, die fur jedes Seg- 
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ment i bestimmt werden; entsprechend des Re- 
alwertes [Z (<»)] zu dem realen Wert bei einer 
Impedanz von uber 100 kHz und unter 1 MHz 
fur das Segment i, aber vorzugsweise bei Roo, 
und dem Realwert [Z (1 0 kHz)] des realen Wer- 5 
tes bei einer Impedanz uber 10 kHz und unter 
50 kHz fur Segment I, aber vorzugsweise bei 

c) der intrazellulare Wassergehalt des Seg- 10 
mentes i, der mittels der Subtraktion ECW, 
von TBW seg j bestimmt wird, 



seg, i 



d) das Gesamtvolumen und extrazellulare 
Wasservo lumen im Gesamtbereich, die durch 15 
die Summe der einzelnen Werte der Segmente 
i bestimmt werden sollen; 



e) der Gehalt der fettfreien Masse im Segment 
oder der fettfreien Masse im Bereich MM seg j 20 
und der globalen fettfreien Masse, mittels der 
Gleichung 



MM, 



seg, i 



■■ fettfreie Masse = N + M 



D 2 

eq.seg.i 



25 



wobei N und M die Terme sind, die von der linearen 
Ruckentwicklung eingefuhrt werden, zwischen dem 
Verhaltnis von: 30 



aus einer Hauptplatine (15) zusammensetzt, die 
verbunden ist mit: einer elektrischen Quelle (20); ei- 
ner Signalgeneratorkarte (1 6), die mindestens zwei 
gewahlte Frequenzen als auch Referenzsignalefur 
die Demodulation erzeugt; einer Karte zur Patien- 
tenschnittstelle (1 7), die die erzeugten Spannungs- 
signale in Strom umwandelt; einer Signalerfas- 
sungskarte (1 8), die sich aus einem Differentialver- 
starker und einem Operationsverstarker (gain am- 
plifier), mit uber Software auswahlbaren Verstar- 
kungsgewinnen, zusammensetzt; einer A/D Emp- 
fangskarte (19), die mit einem A/D Umwandlervon 
1 6 Bit zur Abtastung fur Datenempfang ausgestat- 
tet ist; wobei die Stromquelle (20) mit dem zu un- 
tersuchenden Korper uber ein Multiplexgerat ver- 
bunden ist, das den Anschluss eines jeden Elektro- 
denpaares an die Quelle ermoglicht, die jede ein- 
zelne Elektrode mit einem Eingangspuffer verbin- 
det, wahrend jeder einzelne ihrer Ausgange mit ei- 
nem Multiplex-Schaltkreis verbunden ist, der in ei- 
nen Differentialverstarker lauft und zwar uber abge- 
schirmte Koaxialkabel; wobei die Steuerung des 
Systems uber einen Mikroprozessor gefuhrt wird. 

Vorrichtung nach Anspruch 3, dadurch gekenn- 
zeichnet, dass sie mit einem Beschleunigungs- 
messerversehen ist, der die Beschleunigungsmes- 
sung durchfuhrt, mit der der Korper untersucht wur- 
de, und zwar auf eine synchrone Art und Weise mit 
der Impedanzmessung. 



D 2 . 



seg, 1 



Re[Z(oo)] 

und der Wert der Menge an fettfreier Masse, ge- 
messen mittels einer alternativen Methode, und die 
von der Art der menschlichen Rasse abhangt, und 
D 2 eq seg j, einem geometrischen Parameter von 
Segment i, wodurch der Globalwert der Menge an 
fettfreier Masse durch die Summe aller Werte 
MM seg j, und der globalen Fettmasse aus der Dif- 
ferenz zwischen dem Gewicht des untersuchten 
menschlichen Kopers und dem Gewicht der Menge 
an globaler fettfreier Masse, erhalten wird. 

2. Verfahren nach Anspruch 1 , dadurch gekenn- 
zeichnet, dass das gesamte und extrazellulare 
Wasservolumen im Gesamtbereich durch Verwen- 
dung der RSI (Recht Hand Impedanz) bestimmt 
wird, so als ob es ein Segment ware, wobei vorteil- 
haftdiespezifischen Parameter der TBW und ECW 
Formeln berucksichtigt werden. 

3. Vorrichtung zum Messen der elektrischen Impe- 
danz bei verschiedenen Frequenzen zur Ausfuh- 
rung des Verfahrens nach den vorhergehenden An- 
spriichen, dadurch gekennzeichnet, dass es sich 
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Revendications 



35 1. 



40 



Procedure pour mesurer les volumes et la compo- 
sition corporelle globale et segmentaire chez des 
etres humains, en mesurant I'impedance electrique 
a des frequences differentes, au moins quatre, 
comprises dans I'intervalle de 1 kHz a 1 MHz, dans 
laquelle une premiere estimation du rapport entre 
les volumes d'eau total et d'eau extracellulaire est 
obtenue au moyen du quotient k entre le module 
d'impedance a basse frequence Z(BF), situee entre 
1 kHz et 50 kHz, et le module d'impedance a haute 
frequence Z(AF), situee entre 100 kHz et 10 MHz, 
ladite valeur k etant independante des conditions 
du contour de mesure, caracterisee en ce qu'un 
ajustement est effectue aux points experimentaux 
par la methode des moindres carres, a la fois au 
niveau global et segmentaire, au moyen de Pex- 
pression de I'impedance electrique (Z) suivante, ba- 
see sur la frequence (f): 



Z{f)=Roo+. 



RO-R00 
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determinant ainsi les valeurs R^, R 0 , f c et a, 
qui represented respectivement la resistance a 
une frequence infinie, la resistance a la frequence 
zero, la frequence a la laquelle lm(Z) est maximum 
et la dispersion des cellules du systemes biologi- 5 
que, avec lesquelles les valeurs suivantes sont 
calculees : 



D 2 



MM sea y = Lean Mass = N + M- J^/g' 



N et M etant des termes qui sont intro- 
duits d'apres la regression lineaire entre le 
rapport : 



a) le rapport entre le volume d'eau intracellulai- 
re et le volume d'eau extracellulaire, donne par 
I'equation : 



10 



D 2 • 
seg.i 

Re[Z(oo)] 



E = 



b) la teneur totale en eau d'un segment i 
(TBW seg j), donnee par I'equation : 



Ktbw'H 2 ' 1 - 2 



TBW C ^ : = ko 



seg.i ~ k °TBW segi + fl ea /[ Z (oo)] 



et la valeur de la quantite de masse mai- 
gre mesuree au moyen d'une methode alterna- 

15 tive et qui depend du type de race humaine, et 

de D 2 eq,seg,i' un parametre geometrique du 
segment i, en obtenant la valeur globale de la 
quantite de masse maigre d'apres la somme de 
toutes les valeurs de MM seg i et la masse gras- 

20 se globale d'apres la difference entre le poids 

du corps humain etudie et le poids de la quan- 
tite globale de matiere maigre. 



et la teneur d'un segment i en eau extra- 
cellulaire (ECW seg j), qui est determinee par : 



K ECW'^' L - ,2 se , 
ECW seg,i = k °ECW segi + r eal[Z(W KHz)] 



25 



30 



H etant la hauteur du corps en cm, K TBW 
une constante de proportionnalite pour I'eau to- 
tale (TBW) et K ECW une constante de propor- 
tionnalite pour I'eau extracellulaire, 
KO 

TBWseq i ' e t erme independant pour le seg- 35 
ment i, KO EC wseg, \> P our |,eau extracellulaire 
(ECW) du segment i, L seg j et L' seg j sont des 
termes geometriques a determiner pour cha- 
que segment i ; en faisant correspondre la va- 
leur reelle [Z (<~)] a la valeur reelle d'une impe- 40 
dance superieure a 100 kHz et inferieure a 1 
MHz pour le segment i, mais de preference a 
R TO , et la valeur reelle [Z (10 kHz)] a la valeur 
reelle d'une impedance superieure a 1 0 kHz et 
inferieure a 50 kHz pour le segment i mais de 45 
preference a R 0 ; 

c) la teneur du segment i en eau intracellulaire 
qui est determinee en soustrayant ECW seg j de 
TBW sogJ ; 

d) le volume d'eau total et le volume d'eau ex- 50 
tracellulaire au niveau global qui seront deter- 
mines par la somme des valeurs respectives 
des segments i; 

e) la teneur de la masse maigre segmentaire 

ou regionale MM seg i et globale au moyen de 55 
I'equation : 



Procedure selon la revendication 1, caracterisee 
en ce que le volume d'eau total et le volume d'eau 
extracellulaire au niveau global sont determines en 
utilisant le RSI (impedance du cote droit) comme 
s'il etait un segment en considerant comme il con- 
vient les parametres specifiques des formules de 
TBW et ECW. 

Appareil pour mesurer I'impedance electrique a di- 
verses frequences destine a mettre en oeuvre la 
procedure selon I'une des revendications prece- 
dentes, caracterise en cequ'il consisteen un pan- 
neau arriere (15) qui relie : une source de courant 
electrique (20) ; une carte generatrice de signaux 
(1 6) qui genere au moins deux frequences choisies 
ainsi que des signaux de reference pour la 
demodulation ; une carte d'interface patient (1 7) qui 
convertit les signaux de tension generes en cou- 
rant, une carte detectrice de signaux (18) qui est 
constitute d'un amplif icateur differentiel et d'un am- 
plificateur de gain ayant des degres d'amplification 
selectionnes par voie logicielle ; une carte d'acqui- 
sition A/N (19) qui est pourvue d'un convertisseur 
A/N de 1 6 bits afin d'echantillonner I'acquisition des 
donnees ; la source de courant (20) etant connec- 
ted au corps a I'etude au moyen d'un multiplexeur 
qui permet de connecter n'importe quelle paire 
d'electrodes a ladite source, connectant chacune 
des electrodes a une memoire tampon d'entree, 
alors que chacune de leurs sorties est connectee a 
un circuit multiplexeur qui alimente un amplificateur 
differentiel, au moyen de cables coaxiaux blindes ; 
le controle du systeme etant realise au moyen d'un 
microcontroleur. 



11 
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4. Appareil selon la revendi cation 3, caracterise en 
ce qu'il est pourvu d'un accelerometre qui fournit la 
mesure de ('acceleration auquel le corps a ete sou- 
mis, d'une maniere synchroniser avec la mesure 
de I'impedance. 5 
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FIG. 2 
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FIG. 6 
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